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态的 Sn-Ni 合金的比容量很高，第一循环放电容量高达 750mAh/g，可是
循环性能却很差，20循环后放电容量只剩下 440mAh/g左右，为首次放电




通过 H2在高温下还原的方法我们制备了晶化程度较高的 Ni3Sn 和
Ni3Sn2，同时我们还通过高温熔炼的方法制备了晶化程度较高的 Ni3Sn。XRD


















88%；同时高温 H2还原法所合成的 Ni3Sn 的充放电效率也比较高，可见
合金的结构和形貌跟其电化学性能有很大的关系。由 H2在高温下还原的方















































CNT 要大，我们猜想即使是覆盖了 Sn 的 CNT 的表面还是会有 SEI 层的形




    从两种方法所合成的包覆型 Sn/CNT复合材料的电化学性能结果来看，
复合材料要有比较好的电化学性能必须具备以下几个特点：1、Sn 与 CNT
之间有一定的亲合力，这样碳纳米管才能有效地减少或限制 Sn 在循环过
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The study of the new anodic materials for lithium-ion 
batteries—the preparation, characterization and perfor- 
mance of Sn-Ni alloy and carbon nano-tube composite  
The first part of the dissertation addresses the morphology, structure and 
electrochemical performance of several sorts of Sn-Ni alloys as the anodic materials for 
lithium-ion batteries. The electrochemical properties of the alloy materials have been 
found to be closely related to their intrinsic structure, morphology, proportion of Sn and 
Ni, condition of preparation, and so on. 
We have synthesized the amorphous Sn-Ni alloy by the means of reduction in the 
solution, and we have found that the specific capacity of the amorphous Sn-Ni alloy was 
very high, but the cycle performance was very poor. The first discharge capacity was 
750mAh/g, but remaining only 440mAh/g after 20 cycles (59% of capacity of the first 
cycle). By adjusting the proportion of SnCl2 and NiCl2 in reactant mixture, we have 
synthesized the amorphous Sn-Ni alloy of different Sn content. With the increase of Sn 
content in the amorphous Sn-Ni alloy, the specific capacity of the material increased, but 
the cycle performance was worse. It is suggested that the Sn decides the specific capacity 
of the alloy, and the cycle performance of the alloy is mostly affected by the content and 
the existent modality of Ni. 
Reducing the mixture of SnCl2 and NiCl2 with H2 at 600℃, we synthesized Ni3Sn and 
Ni3Sn2 whose degree of crystallinity was high, and we also synthesized Ni3Sn by high 














Ni3Sn produced by different methods were different. By electrochemical test, we found 
that the specific capacity of Ni3Sn reduced by H2 at 600℃ was greater than that of Ni3Sn 
produced by high temperature melting method, the specific capacity of the former was 
202mAh/g, and that of the latter was only 90mAh/g.The cycle life of Ni3Sn reduced by H2 
at 600℃ was also satisfactory, whose reversible capacity was kept almost 100% that of 
the first cycle after 22 cycles. It is superior to  that of Ni3Sn produced by high 
temperature melting method whose retained capacity was only 88% after 22 cycles. And 
the charge/discharge efficiency of Ni3Sn reduced by H2 at 600℃ was good, so we can 
concluded that the electrochemical performance was highly related to the structure and 
morphology of the material. The testing result showed that the specific capacity of Ni3Sn2 
reduced by H2 at 600℃ was greater than that of Ni3Sn produced by the same method, the 
former specific capacity was about 240mAh/g. The cycle performance of Ni3Sn2 was also 
very good, the discharge capacity of which was still kept 99% that of the first cycle after 
20 cycles. So differently synthetical method would affect the electrochemical 
performance of the material, and the specific capacity of the samples produced by the 
same method increased with the increase of the Sn content, but the increase of the specific 
capacity wasn’t proportional to the increase of the Sn content , resulting from the two 
reasons, one is the formation of different Li-Sn alloy phase from different alloys, the other 
is formation of different Li-Sn alloy phase from the different of inside and outside alloy 
particle. 
In a word, the specific capacity of amorphous Sn-Ni alloy is commonly higher, the 
cycle performance of which is worse; On the contrary, the cycle performance of higher 














In the second part of the dissertation, we primarily study the electrochemical 
properties of carbon nanotube composite. Both carbon nanotube coated by Sn and 
carbon nanotube filled by Sn have shown a improved electrochemical performance, as 
concerned the reversible capacity and the cycle life. The first reversible capacities were 
556mAh/g, 567mah/g for carbon nanotube coated Sn by Sol-Gel and direct reduction 
with KBH4 respectively; and the first reversible capacity was 652mAh/g for carbon 
nanotube filled by Sn. The discharge voltage of carbon nanotube deposited by Sn with 
different methods was different, which was 0.5V for Sn/CNT composite produced by 
direct reduction with KBH4, 0.2V for Sn/CNT composite produced by Sol-Gel, may be 
caused by the different coated effect of the composite produced by different means. Sn 
reduced by KBH4 deposited uniformly on carbon nanotube, whose specific area was 
great, so the discharge voltage of the composite mainly depended on Sn characteristics. 
However, for the Sn/CNT composite produced by Sol-Gel deposited dispersedly on 
carbon nanotube, there is some uncovered space among the particles of Sn, so the 
discharge voltage of the composite mainly depended on CNT characteristics, the 
discharge voltage of the composite closing to the voltage of CNT. In our opinion, the 
good electronic conductivity and ductility of the carbon nanotube matrix, a high 
dispersion of the Sn/CNT and the specific mechanical performance of the composite 
work together to induce the improved performance of the carbon nanotube composite. 
Sn composite material is potential as the anode active material for lithium ion 
batteries, despite the first irreversible capacity of the composite is still great. The 
inserted-type Sn/CNT composite has certain irreversible capacity in the first cycle, which 














with the electrolyte decomposition and formation of solid electrolyte interphase (SEI) on 
the carbon nanotube surface. But the coated-type Sn/CNT composite still has great 
irreversible capacity in the first cycle; because of the density of Sn being greater than 
CNT, so the surface area of the composite must be less than raw CNT at the same mass 
with the composite, that the area of SEI of the composite would be less, but the first total 
irreversible capacity of the composite is greater than raw CNT. We suppose that the SEI 
would be still exist between CNT and coated Sn, so the formation of SEI occurred not 
only on the surface of Sn but also on the surface of CNT , which results in the first 
irreversible capacity of the composite material greater than raw CNT. 
From the electrochemical properties of the coated-type Sn/CNT composite produced 
by two different the method, we can conclude that the electrochemical performance of the 
material will be satisfactory if the material possessing following characters: 1. there is 
some affinity between Sn and CNT, which can decrease or limit Sn falling off from the 
surface of CNT in the process of cycle. 2. There are some spaces among Sn particles 
depositing on CNT, which can have the expanding space for Sn volume change during the 
lithium ion in- and deintercalation. 
In a word, the electrochemical performance of the Sn/CNT composite has improved 
greatly, which will be as a potential anode material for lithium ion batteries, but there are 
still some problems, such as the great first irreversible capacity, so need to be studied 
further. 
 Keywords 
Lithium ion batteries, anode material, amorphous Sn-Ni alloy,Ni3Sn, Ni3Sn2, 
carbon nanotube composite, the first irreversible capacity, the 


































电池，并由加拿大莫里能源公司（Moli Energy Ltd）于 1987年投产。不
















第一章  绪论 
 2
4.1V，放电完毕后电压为 2.75V，比能量高达 78Wh/kg，循环寿命长达 1200





图 1-1 几种电池的体积比能量和重量比能量对比图  





























































国的 Varta公司及加拿大的 Blue Star公司，进行了大容量锂离子电池的研
究，并已经开始试用，有希望成为 21世纪电动汽车的主要动力能源之一。 
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